Turnip seedlings (Brassica rapa L.) irradiated for 24 hours with radiation at 720 nanometers synthesize chlorophyll a and anthocyanin. Antimycin A and 2, 4-dinitrophenol, which are known to reduce cyclic photophosphorylation, also reduce anthocyanin synthesis. Noncyclic photophosphorylation is inhibited by 3-(3, 4-dichlorophenyl) -1, 1-dimethylurea and o-phenanthroline. These compounds promote cyclic photophosphorylation and anthocyanin synthesis. On the basis of these findings it is suggested that the photomorphogenic response of anthocyanin synthesis in turnip seedlings arises in part through photosynthetic activity.
It is suggested that plant photomorphogenic responses to prolonged far red irradiations arise through the photochemical activation of at least two pigment systems; namely, the photosynthetic pigments and phytochrome.
The role of phytochrome in plant photomorphogenesis is summarized in several review articles (18) (19) (20) (24) (25) (26) . The salient features of this system include the existence of phytochrome in two principal forms Pr and Pfr with absorption maxima located near 660 and 730 nm respectively. Responses mediated by phytochrome and potentiated by red radiation are photoreversible by far red radiation. An irradiation as low as 0.02 mw/cm' at 660 nm can induce a phytochrome-controlled response (18) . The Bunsen-Roscoe reciprocity law applies to the photoreversibility of phytochrome-controlled responses.
Photomorphogenic responses which exhibit phytochrome action are often modified by prolonged irradiations with high intensity far-red, red, or blue light (18) . HER1 is used to designate those photoreactions in which the energy levels required for a maximum response are above those required for the photochemical transformations between the Pr and Pfr forms of phytochrome. HER responses are as diversified as are phytochrome-controlled responses and include flowering (6, 21) nyctinastic leaf movements (12) , hypocotyl lengthening and hook opening (18) , and pigment synthesis (22 (26) in which he points out that his own model is completely speculative and is not supported by any direct evidence.
The possible contribution of photosynthesis to HER responses was considered frequently by Siegelman and Hendricks (22, 23) ; Downs et al. (9, 10) ; Evans et al. (11) . They observed the inhibition of a red HER response by DCMU (9, 10) , but found this inhibitor of electron transport in photosynthesis to be ineffective for far red HER responses (11) . The involvement of photosynthesis in energy-dependent photomorphogenesis was reported by Satter and Wetherell (28) . The possible contributions of photosystems I and II of photosynthesis to HER responses were suggested by Downs (9) and Downs et al. (10) . Bertsch and Mohr (4) , however, pointed out that their own experiments excluded all possibilities of the photosynthetic apparatus being involved in the far red HER associated with anthocyanin synthesis in mustard seedlings. Presently, plant photomorphogenic responses are considered independently from photosynthesis even though prolonged irradiations are used (20) .
In studying photomorphogenic responses the following points need be emphasized: cyclic photophosphorylation is activated maximally by far red radiation whereas noncyclic photophosphorylation is primarily a red light system. The effect of specific uncouplers and inhibitors of electron transport on ATP formation by noncyclic and cyclic photophosphorylation was reported by Arnon et The seedlings were removed to darkness for an additional 24 hr after which they were harvested. This schedule is summarized in Figure 1 . Any deviations from this schedule are described in the individual experiments.
Chlorophyll Extraction and Measurement. Harvested lots of 500 seedlings were weighed and ground in 90% aqueous acetone at 4 C. The homogenate was vacuum filtered through Whatman No. 1 filter paper. Acetone was removed from the filtrate using a flash evaporator. The chlorophyll was then partitioned from the aqueous suspension into petroleum ether.
The volume of this solution was reduced in vacuo and the pigments were chromatographed on a column of powdered sucrose at 4 C using 0.5% 1-propanol Figures 5 and 6 . Again, the effect of these compounds on anthocyanin synthesis resembles their effect on cyclic rather than noncyclic photophosphorylation. Thus, with each of the compounds tested, the effect on the HER response Arntzen et al. (2) found that photochemical activity in greening Zea mays proceeds in a step-wise manner with cyclic photophosphorylation being detected after only 1-hr illumination of dark-grown seedlings. Activity after irradiations of less than 1 hr were not tested. NADP reduction could not be detected before 5 hr. Thus, the potential exists for phosphorylations via a cyclic pathway shortly after the onset of irradiation of d?rk grown seedlings.
Since it is possible that far red HER responses can arise in part from photosynthesis occurring during the greening process, it is of interest to consider far red HER responses of plants possessing their full complement of photosynthetic pigments. Previously, we observed that the HER associated with far red light-induced leaflet opening in fullv green Mimosa pudica operates independent of the ratio of Pfr/P,,,,, (12) .
While the Pfr/P,n,,, ratio is important in controlling the dark reactions of photomorphogenesis in plants, the importance of the ratio during a prolonged high energy irradiation is less apparent.
The far red HER of anthocyanin synthesis in turnip seedlings seems to represent a composite response arising from at least two reactions: photosynthetic activity and the Pfr/P,t,,, ratio in darkness. Creasv et al. (7, 8) Our results on the contribution of phytochrome to anthocyanin synthesis confirm those of Grill and Vince (13) (14) (15) who have carried out extensive studies on the photocontrol of anthocyanin synthesis in turnip seedlings. They too have concluded that two photoreactions are involved (16) . The results presented here attempt to identify these photoreactions.
